A study was made of the pathogenic properties of the Trudeau Culture Collection strain (T-67) of Mycobacterium sp. 607 for mice. The organism was highly pathogenic for CF1 mice upon intravenous injection. The animals succumbed soon after intravenous injection of a 14 X 106 viable cellular units. The T-67 strain proliferated in the kidneys of the animals but was unable to reproduce in the lungs, liver, and spleen. Destruction of the organisms in the latter organs commenced 24 hr after injection. Tissue bacterial counts showed that the mycobacteria were similarly destroyed in the kidneys after an interval of from 7 to 9 days after injection of the organisms. Histopathological examination of the tissues indicated that the lethal effects of the organism were due primarily to kidney damage. The liver, lungs, and spleen were similarly involved but to a lesser degree. The unique characteristics of the T-67 strain of Mycobacterium sp. 607 are discussed.
The identity of Mycobacterium sp. 607 has been controversial (9) . The mycobacterium was originally designated M. tuberculosis var. hominis no. 607. Subsequently, the organism was classified as a strain of M. smegmatis (3) on the basis of nutritional and cultural properties as well as lack of virulence for rabbits and guinea pigs. The origin of the organism is obscure (9) .
During a study of the effect of injection of saprophytic mycobacteria on infection with other mycobacteria, it was observed that the Trudeau stock culture (T-67) of Mycobacterium sp. 607 is highly pathogenic for mice. The results of an investigation of the dose-mortality relationship in mice, proliferation of the organism in the tissues, and histology of infected tissues are presented in this paper.
MATERIALS AND METHODS
The Trudeau Culture Collection strain (T-67) of Mycobacterium sp. 607 was obtained from K. Kim, Trudeau Institute, Inc. Saranac Lake, N.Y., who originally acquired the strain indirectly from the American Type Culture Collection as H 607 (personial communicationi).
The T-67 culture was maintained on Dubos oleic acid-albumin-agar. For inoculation of mice, the organism was inoculated from stock culture into Kirchner medium containing 0.05% Tween 80 and was incubated at 37 C for 7 days. The culture was then diluted in sterile saline containing 0.05% Tween 80 to obtain cell suspensions containing approximately 7 X 106, 14.4 X 106, 40 X 106, and 100 X 106 viable cellular units per 0.2-ml dose, corresponding to optical densities of 0.155, 0.260, 0.456, and 0.796, respectively. A Leitz Rouy photometer equipped with a 640-nm filter was employed to determine the optical density of each suspension. The corresponding cellular counts were determined by plating dilutions of each suspension on Charcoal TB agar (Difco).
Groups of 20 female CFI mice were infected by the intravenous injection of 0.2 ml of each suspension. Deaths of the mice in the respective groups were recorded for a period of 22 days.
An additional group of 100 mice received injections of the culture of T-67 adjusted to an optical density of 0.260. Groups of seven mice were sacrificed at intervals of 1 hr, and at 1, 2, 3, 4, 7, 9, 11, 14, 18, and 28 days after infection. Five of the mice were used for determination of the number of organisms in the tissues at the time intervals indicated, and the remaining two animals were employed for histopathological study. (3) . The phenolphthalein sulfatase test was also performed (11) .
Determination of the effect of spermine on growth of T-67 was performed according to the method of Hirsch and Dubos (5). Spermine tetrahydrochloride (Sigma Chemical Co., St. Louis, Mo.) was dissolved in water, after which the solution was sterilized by passage through a sterile ultrafine fritted-glass filter. Serial dilutions of spermine were then made in the test medium specified by Dubos and Hirsch to afford a range of concentrations varying from 0.00125 to 0.1%. Each tube of medium was inoculated with 0.1 ml of a 1:100 dilution of T-67 which had been cultured for 4 days in Kirchner-Tween 80 medium. The cultures were incubated at 37 C for 7 days. Growth of the organism was determined visually.
RESULTS
The T-67 strain grew in Kirchner-Tween 80 medium at 45 C but failed to produce growth on MacConkey agar. The phenolphthalein sulfatase test was negative. The organism utilized both mucic acid and oxalic acid as sole sources of carbon for growth.
Spermine did not inhibit growth of T-67 at a concentration of 0.1%, which was the highest level of the compound tested. Dose-mortality relationship. The death of the mice of groups infected with varied doses of the T-67 strain is shown in Table 1 . Death of the animals infected with the largest dose of mycobacteria began on the 2nd day and all of the mice had succumbed 6 days after infection. There were four surviving mice in each of the groups infected with the doses containing 14.4 X 106 and 40 x 106 viable cellular units per dose at 22 days after infection; however, the animals that had been injected with the larger dose succumbed at an increased rate. All of the mice that had received an injection of 7 X 106 viable cellular units survived for the experimental period.
There were no deaths in the groups of mice injected with either the supernatant liquids or nonviable cells from the heat-treated and ethylene oxide-treated cultures.
Tissue bacterial counts. The plate counts of organisms in the tissues of mice at intervals after infection are shown in Fig. 1 . There were approximately 300,000 organisms in the lungs and spleen at 1 hr after infection of the animals. The kidneys contained about 23,300 mycobacteria whereas the liver contained 6,200,000 organisms.
The number of organisms in the lungs, liver, and spleen remained relatively constant for 24 hr after infection; then the bacterial count decreased rapidly. The number of organisms were reduced to about 1,000 in the spleen within 14 days after infection, and in the lungs and liver, at 18 days after infection.
Growth of T-67 in the kidneys began immediately after injection. The number of organisms increased logarithmically for 7 days, at which time the bacterial count reached 25,600,000. A reduction in the bacterial count then commenced and continued at a rapid rate until the 18th day after infection. At 28 days after challenge, the kidney bacterial count had diminished to about 16,000 organisms.
Histopathological findings. The chronological histopathological findings in the lungs, spleen, liver, and kidneys of the mice infected with T-67 are summarized in Table 2 . Histological observation of all organs affected showed pathological changes beginning as focal infiltrates which consisted of aggregates of monolymphocytic type of cells. The changes appearing earliest were more severe and of longer duration in the kidney. The morphological changes appeared in this organ on the 2nd day after inoculation (Fig. 2) , reached a maximum at the 11th day (Fig. 3) , and were still apparent at the end of the 28-day experimental period (Fig. 4) . The primary cellular reaction evolved into a dense inflammatory proliferation which amounted to granulomata with central, well-demarcated necrosis but no evidence of giant cells.
The degree of involvement of the liver was second only to the kidney, and consisted essentially of the same type of morphological changes and inflammatory reaction which eventually resolved and healed.
The lungs, as well as the liver and kidney, reacted with inflammatory changes that were milder than in the other organs and were associ- (3) have demonstrated that the other sequela. In the animals that succumbed, the cultural and nutritional properties of Mycobac- (1), however, reported the isolation from a patient of a lysogenic strain of M. smegmatis which showed markedly enhanced virulence for mice and rabbits. The proliferation of T-67 in the kidneys of mice indicates a close relationship to M. fortuitum (6, 8, 12) .
It is questionable whether all strains of mycobacteria characterized as M. smegmatis have been tested for mouse pathogenicity by intra- The T-67 strain was incapable of proliferating in the lungs, liver, and spleen of mice, as indicated by the similarity in the bacterial counts at 1 and 24 hr after injection of the mycobacteria. Thereafter, the number of organisms in these organs declined rapidly.
The kidneys displayed no initial resistance to T-67; growth began immediately after injection Tsugi, Ito, and Oshima (10) found that Mycobacterium sp. 607 was unable to proliferate in the peritoneal cavity of rabbits. From studies in which the mycobacteria were enclosed in a specially designed chamber covered with a semipermeable membrane and incubated in the peritoneal cavity of rabbits, it was concluded that the higher molecular weight components of the body fluid were responsible for inhibition of growth of the organisms.
The findings of Leake and Myrvick (7) may serve to explain the mechanism of destruction of T-67 in the various tissues. These investigators found that cells of M. smegmatis administered intratracheally to rabbits were phagocytosed and damaged by alveolar polymorphonuclear leukocytes as early as 3 hr after administration of the organisms. Whereas about 55% of the alveolar macrophages contained mycobacteria at this time-interval, damage to the intracellular organisms was not apparent until the 5th day after the organisms were administered. After 10 days, no mycobacteria could be cultured from samples of free cells recovered from the lungs of the rabbits.
These findings suggest that early destruction of T-67 in the lungs and possibly in the liver and spleen of mice may have been due to phagocytosis and digestion of the organisms by polymorphonuclear leukocytes and that later destruction of T-67 in the kidneys may have been effected by renal macrophages.
Hirsch and Dubos (5) isolated an inhibitory compound from bovine kidney which was subsequently identified as spermine. The protein inhibited growth of M. tuberculosis completely at a minimal level of 0.00125%. Saprophytic mycobacteria were not inhibited by a concentration of 0.1% of the compound. Our studies showed that T-67 was likewise not inhibited by spermine at a concentration of 0.1 %. Thus, proliferation of the organism in the kidneys of mice could have been due, in part, to the ineffectiveness of spermine as a growth inhibitor of the mycobacterium.
